I N T RO D U C T I O N
The worldwide prevalence of diabetes is expected to reach 552 million subjects by 2030 [1] . Up to 40% of patients with type 2 diabetes mellitus (T2DM) develop some degree of renal impairment over the course of their lifetime [2] [3] [4] . The presence of albuminuria and/or the reduction in glomerular filtration rate exert a severely unfavourable impact on patient outcome and contribute significantly to increasing the cost of health care for many national health systems worldwide [5] . Besides being the most prevalent cause of end-stage renal disease in Western countries, chronic kidney disease (CKD) is a wellknown risk multiplier and entails a dramatic increase in macrovascular complications [6, 7] .
In the past several years it has consistently been shown that glycaemic control as well as a reduction of cholesterol and blood pressure (BP) [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] are associated with decreased micro-and macrovascular complications. As the current therapeutic approach to cardiovascular risk correction is graded and proportional to each patient's individual burden of risk, guidelines for diabetes care recommend reaching specific treatment targets in the presence of renal impairment [18] [19] [20] [21] [22] .
Large-scale clinical studies however indicate that due to a number of different possible reasons [23, 24] , control of risk factors is unsatisfactory in up to 50% of diabetic patients [25] [26] [27] [28] and therefore residual risk remains unacceptably elevated. Investigating the residual gaps in quality of care and their relationship with factors which may influence these gaps may prove useful for devising more effective strategies to prevent diabetic complications.
We therefore attempted to investigate the association of CKD and its components with the achievement of recommended therapeutic targets in a large cohort of patients with T2DM attending outpatient diabetes clinics in Italy.
M AT E R I A L S A N D M E T H O D S
The Italian health care system All Italian citizens, regardless of social class or income, are cared for by a general practitioner as part of the National Health System. It is estimated that over three million citizens have been diagnosed with diabetes in Italy. Care for people with diabetes is mainly provided by a public network of about 700 diabetes clinics that provide diagnostic confirmation, therapy, prevention and early diagnosis of complications through close patient follow-up by a team of specialists and schedule regular checkups. Most patients are referred to these centres by their general practitioner and care is free of charge [29] [30] [31] [32] .
Patients
In the present report we describe the results of an analysis of a large sample of patients diagnosed with T2DM who were followed-up at 294 diabetes centres in Italy. The analysis was performed using the data set of electronic medical records that were collected between 1 January 2010 and 31 December 2010. The centres involved in this study include about one-third of all the Italian centres for diabetes, homogeneously distributed throughout the country and therefore representative of the Italian population suffering from T2DM.
Starting from a population of 510 247 patients with T2DM, we identified a sample of 116 777 outpatients aged 18 years or older with complete data for albuminuria, serum creatinine, low-density lipoprotein cholesterol (LDL-c), HbA1c and BP. In cases of multiple records collected during the year for the same patient, the last available visit was included. Information on the presence of diabetic retinopathy was also available. Demographic and clinical characteristics of patients included and excluded were similar, in particular with regard to the prevalence of subjects reaching therapeutic targets for HbA1c, LDL-c and BP (50 versus 51%, 50 versus 47% and 45 versus 45%, respectively).
Data collection
As already reported [28] [29] [30] [31] , the analysis of the database is an attempt by the Italian Association of Clinical Diabetologists (Associazione Medici Diabetologi, AMD; see Supplementary Data) to identify a set of indicators that can be used in the context of continuous quality improvement. Participating centres adopted the same software systems for the everyday management of outpatients, while a specially developed software package allowed us to extract the information we intended to analyse from all the clinical databases (AMD Data File). Moreover, data from all participating centres were collected and centrally analysed anonymously [29] [30] [31] [32] .
This initiative includes measuring and monitoring HbA1c, BP, lipid profile (LDL-c or total and high-density lipoprotein cholesterol and triglycerides). The use of specific classes of drugs (insulin, statins and two or more antihypertensive agents) was also evaluated. In the case of multiple entries during the year, the most recent values were considered for the analyses. Because normal ranges for HbA1c varied among centres, the percentage change with respect to the upper normal value (measured value/upper normal limit) was estimated and multiplied by 6.0 in order to allow comparisons among the centres. Kidney function was assessed by serum creatinine and urinary albumin excretion measurements. Glomerular filtration rate was estimated for each patient using a standardized serum creatinine assay and the Chronic Kidney Disease Epidemiology Collaboration formula [33] . Increased urinary albumin excretion was diagnosed and defined as high albuminuria if the urinary albumin concentration was >30 mg/L or urinary albumin excretion rate was >20 µg/min or urinary albumin-to-creatinine ratio was >2.5 mg/mmol in men and 3.5 mg/mmol in women. CKD was defined as diabetes with high albuminuria or low glomerular filtration rate (<60 mL/min/1.73 m 2 ) or both. For the purpose of the analysis, the target thresholds we considered in this study were <7% (53 mmol/mol) for HbA1c, and <100 mg/dL for LDL-c according to the American Diabetes Association's (ADA) guidelines [19] [19, 20] , the European Society of Hypertension and the European Society of Cardiology (ESH-ESC) (<140/85 mmHg) [21] and, finally, the KDIGO guidelines (<140/90 or 130/80 mmHg in people with albuminuria) [22] .
Statistical analysis
Continuous variables are expressed as mean ± standard deviation; discrete variables are described as frequencies and percentages. Between-group comparisons were not performed due to the large sample size that allowed us to detect statistical significance even for negligible differences. Data were analysed using a mixed model with diabetes clinics fitted as random, so that possible differences in data across centres could be considered. A multivariate mixed logistic regression model was fitted to evaluate determinants of failure to reach recommended therapeutic targets (three separate models for HbA1c ≥7%, LDL-c ≥100 mg/dL or systolic BP ≥140 mmHg). Odds ratios (OR) were reported with their 95% confidence interval (95% CI). A missing indicator variable was used for patients with missing smoker status. The analyses were made using STATA software, Version 12 (StataCorp, College Station, Texas). P values of <0.05 were considered statistically significant.
R E S U LT S
The main clinical features of the analysed population are summarized in Table 1 . Overall, the mean age was 67 ± 11 years, 56.7% were males and the mean duration of diabetes was 11 ± 9 years. Twenty-one per cent of patients had CKD stage ≥3, while high albuminuria was present in 26.9% of the population. Taken as a whole, the population we studied had a mean HbA1c level of 7.2 ± 1.2%, with 50.0% of the patients having HbA1c levels below the target value. The mean level of LDL-c was 102 ± 33 mg/dL and 50.6% of the patients had LDL-c below the target value. Regarding BP control, the distribution of the population was as follows: the ADA BP target (systolic/diastolic BP <140/80 mmHg) was achieved by 25.7% of the patients while the ESH-ESC BP target (systolic/diastolic BP <140/85 mmHg) was reached by 45.0% of the patients. Based on KDIGO guidelines, we analysed patients with normoalbuminuria or with high albuminuria separately: in the former group the proportion of patients who reached BP target (<140/90 mmHg) was 49.8%, while in the latter group BP target (<130/80 mmHg) was reached by 13.3% of patients.
Considering the whole population, the proportion of patients who did not meet any of the recommended targets was 13.4%. Thirty-seven percent of patients met only one of the recommended therapeutic targets, 36.4% met two, and 13.4% met all three.
The clinical characteristics of patients according to achievement of HbA1c, LDL-c and BP target values are reported in Table 2 . A higher percentage of patients with low estimated glomerular filtration rate and high albuminuria was present among those whose HbA1c was above the recommended value: 22.7 versus 19.3% and 30.5 versus 23.2%, low estimated glomerular filtration rate and high albuminuria, respectively. Patients who did not meet HbA1c target values were more often females and had a longer duration of disease; in addition, they were on more intensive antihyperglycaemic treatment. Regarding LDL-c, kidney dysfunction does not seem to impact on the achievement of LDL-c target and, as expected, the proportion of patients taking statins was greater among those with LDL-c levels below the recommended values. As far as BP is concerned, similarly to HbA1c, there clearly was a higher proportion of patients with kidney dysfunction (especially those with high albuminuria) among those who did not meet their recommended targets. A greater number of patients taking antihypertensive drugs, particularly angiotensin-converting enzyme inhibitors or angiotensin II receptor blockers, was also evident among these latter patients.
To get a more in-depth understanding of the relationship between kidney dysfunction and the achievement of HbA1c, LDL-c and BP target values, we stratified the whole population according to the presence/absence of low estimated glomerular filtration rate or high albuminuria (Table 3 ). It would appear that high albuminuria, even more than low estimated glomerular filtration rate, affects the chance of reaching HbA1c and BP target values, while it bears no relationship with recorded LDL-c levels. It is noteworthy that the lowest proportion of patients reaching HbA1c (42%) and BP target levels (22.4%) was observed among patients with the simultaneous presence of high albuminuria and low estimated glomerular filtration rate even though the highest proportion of patients taking more intensive antihyperglycaemic or antihypertensive therapy (91.1%) was also found in the same group. It is also evident that the presence of high albuminuria entails the greatest difficulty in reaching BP target. Patients with all three variables below the target value, n (%) 15 616 (13.4) eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglobin; HDL-c, high-density lipoprotein cholesterol; LDL-c, low-density lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure; ACE-Is, angiotensin-converting enzyme inhibitors; ARBs, angiotensin II receptor antagonists; OAD, oral antidiabetic drugs. a Smoke habit was available for 69 231 patients. 
O R I G I N A L A R T I C L E C h r o n i c k i d n e y d i s e a s e a n d t a r g e t s i n d i a b e t e s
Finally, by means of multivariate analysis, we explored the independent correlates of the achievement of recommended therapeutic targets (Table 4) . Younger subjects, females with higher body mass index, longer duration of disease and high albuminuria were less likely to achieve HbA1c target values. Males, the elderly and those taking statins were more likely to reach LDL-c target levels. Male gender, age and high albuminuria, regardless of low estimated glomerular filtration rate, strongly affected the achievement of BP targets.
We further analysed the association of CKD with various BP target values (Table 5 ) according to the above reported guidelines [19] [20] [21] [22] . Overall, results confirm an association between male gender, age, body mass index, HbA1c, LDL-c and the presence of microvascular complications, including retinopathy and high albuminuria with failure to achieve recommended BP control.
D I S C U S S I O N
In a large sample of adults with diabetes attending a network of National Health System outpatient clinics and representative of real-life care in Italy, we found that only ∼13% of patients achieved recommended treatment goals for all three parameters we examined, while ∼36-37% had either one or two out of three indicators within target levels, and 13% were found to be outside the recommended targets for all parameters. It is surprising that 87% of patients did not meet all three target levels simultaneously. The proportion of patients reaching recommended targets was disappointingly low in the presence of CKD, especially high albuminuria. Conversely renal abnormalities were not associated with the failure in the achievement of LDL-c targets.
Therapeutic strategies aimed at correcting multiple risk factors, namely hyperglycaemia, increased cholesterol levels and hypertension in patients with T2DM have proven to significantly reduce the risk of micro-and macrovascular complications associated with diabetes [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] . Accordingly, current guidelines recommend specific, often tighter therapeutic goals based on the risk burden of each individual patient [19] [20] [21] [22] . However, previous studies in the USA and elsewhere [25] [26] [27] [28] [29] [30] have reported that a relatively low number of patients with T2DM reach recommended therapeutic levels for traditional, modifiable risk factors. Thus, our findings seem to confirm and extend what has very recently been reported by the NHANES study, i.e. that although there have been improvements over the last decade, almost half of American adults with diabetes do not meet the recommended goals for diabetes care [28] .
Recommended target levels of HbA1c were reached by only half of the patients and by an even lower number (42%) in the presence of low estimated glomerular filtration rate and/or high albuminuria, indicating that the proportion of diabetic patients meeting the recommended HbA1c target is still far from satisfactory. Although the need for caution has recently been emphasized [19, 20] , results from the main clinical trials and surveys [8] [9] [10] [11] confirm the benefits of glycaemic control in reducing the risk of the onset and progression of micro-and macrovascular complications. This has translated into more stringent recommended HbA1c targets for the majority of patients [19, 20] . Shurraw et al. have recently shown that higher HbA1c levels were strongly and independently associated with excess risk of renal and cardiovascular outcomes in a large population with T2DM and CKD. Furthermore, they found that the relationship between glycometabolic control and mortality was U-shaped, with a significantly greater risk for HbA1c values both below 6.5% (48 mmol/mol) and above 8.0% (64 mmol/mol) [18] . A number of other factors, such as gender, age, duration of disease and household income, have been evoked to explain the observed failure to reach HbA1c target levels. To the best of our knowledge this is the first study investigating the potential role of kidney dysfunction in this regard. Noteworthy, CKD and its components, mainly high albuminuria, were more frequent among patients with HbA1c ≥7% (53 mmol/mol), despite a greater use of glucose-lowering agents. Moreover, when a multivariate analysis model was performed, kidney dysfunction turned out to be strongly and independently associated with a lower probability of meeting recommended HbA1c targets.
As there is some heterogeneity among various guidelines regarding the recommended target values for BP, we explored different thresholds for optimal BP control. Only about one out of two patients resulted on target when either ADA (<140/80 mmHg) [19] or ESH-ESC (<140/85 mmHg) [21] recommendations were considered, a percentage that dropped dramatically when a more stringent value (<130/80 mmHg) was considered in the subgroup of patients with high albuminuria. These results are even more noteworthy when one considers that patients with CKD or one of its components received, on average, more antihypertensive drugs including agents that block the rennin-angiotensin-aldosterone system as compared with those with normal renal function, thus reducing the likelihood that therapeutic inertia may play a role. Accordingly, in the multivariate analysis kidney dysfunction, high albuminuria mainly emerges as a significant and independent predictor of failure to achieve therapeutic target levels.
As for cholesterol levels, data from the AMD network database indicate that the use of statins is associated with lower LDL-c levels. However, even when assuming a target LDL-c level <100 mg/dL regardless of each patient's specific clinical status or risk profile [19, 20] , the number of patients reaching recommended values does not exceed 50%. These data suggest that although the use of statins in diabetic patients has risen over the last decade [34] , considerable gaps remain to be filled before reaching a satisfactory standard of care in the real-life clinical setting. Interestingly, at variance with what we observed for BP and glycaemic control, our data seem to convey a somewhat different picture with respect to lipid levels in the presence of CKD. In fact, LDL-c levels and prevalence of patients reaching their recommended cholesterol target are almost superimposable in patients with and without CKD. The percentage of diabetic patients receiving a statin was even greater in the presence of renal complications (high albuminuria and/or estimated glomerular filtration rate reduction), suggesting that the presence of CKD is perceived as a condition of increased cardiovascular risk by diabetologists. The significant association we found between insulin or angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers treatment and not achieving HbA1c or BP target values, respectively, is likely due to an indication bias since the presence of CKD greatly limits pharmacological options for antidiabetic treatment and is widely taken as a mandatory indication for the use of reninangiotensin-aldosterone system inhibitors. 
O R I G I N A L A R T I C L E
C h r o n i c k i d n e y d i s e a s e a n d t a r g e t s i n d i a b e t e s Taken together, the data presented here indicate a large area of potential therapeutic improvement that could optimize cardiovascular risk profile and therefore prevent further micro-and macrovascular complications. Several implications of our results deserve to be commented upon. The persisting gaps in care depicted in our study might, in principle, be due to the interaction of different factors involving patients (lack of motivation), care providers (therapeutic inertia) or, lastly and more generally, health systems (logistical or financial barriers for patient access to care). In this study we specifically wanted to investigate whether the presence of CKD may be a factor associated with failure to achieve treatment goals, and we believe that the results presented herein clearly indicate that this is the case, at least for glycaemic control and BP. While the crosssectional nature of this study does not allow us to draw any definitive pathophysiological conclusions, we feel our data suggest that impairment of renal function may hamper the effectiveness of antihypertensive treatment and impose limits on the choice of hypoglycaemic drugs in clinical practice while altering the risk-benefit ratio. Although a detailed analysis of the reasons for this disappointing situation is clearly beyond the scope of this study, our data showing a slightly but significantly greater percentage of statin treatment in the subgroup of patients with CKD suggest that therapeutic inertia towards a high-risk situation cannot be claimed as the major or sole cause in the therapeutic failure that we observed. This is further supported by the observation that, likely thanks to a greater awareness of the wellknown high-risk status and possibly stronger therapeutic effort associated with this condition, the prevalence of patients receiving a statin was higher in the presence of CKD or even only of one of its components. On the other hand, we cannot exclude that the worse glycaemic and BP control we observed is itself causative of kidney damage. Thus, an alternate hypothesis to explain our results is that patients under suboptimal glycaemic and BP control are in a higher proportion to those with renal impairment. In this regard, the relatively low use of angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers in our sample is alarming, especially in patients with documented high albuminuria.
From the standpoint of public health and economics, our results seem to indicate the need to reiterate widespread diffusion and implementation of therapeutic guidelines and recommendations to further reduce the residual risk of diabetic patients, especially those with CKD. This would certainly lead to a further reduction in morbidity and mortality and consequently a containment of costs for the National Health System. Furthermore, specific studies aimed at improving treatment strategies for patients with CKD are clearly needed to help close the gap in diabetes care.
Some limitations of our study should be acknowledged. First of all, laboratory parameters were not measured in a single centralized laboratory and this may have led to considerable variability, especially in the evaluation of serum creatinine (and therefore glomerular filtration rate estimation). Although creatinine determination cannot always be referred to IDMS procedures, most laboratories around the country currently use the Jaffè method, which has been shown to have good reproducibility. In addition, we have information on high albuminuria only as a categorical trait.
On the other hand, our study has several strengths since the large size of the database and the homogeneous geographical distribution of participating centres allow us to provide a realistic snapshot of risk-factor control and preventive practices in a real life situation representative of the Italian health care system.
In conclusion, our findings provide evidence that the presence of CKD and its individual components, especially high albuminuria, are associated with a greater likelihood of failure to achieve recommended therapeutic targets for BP and glycaemic control in diabetic patients. Further longitudinal specifically designed studies will better clarify our observations and should aim at breaking down barriers which decrease the chance to achieve guideline recommendations.
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